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/Fork on tre catalytic oxidation of iso-cctans and other stsndard
fuels deserves attention, because oxidation of propellants with the
aid of catalysts which sre either dispersed or embodied within the
walls of the combustion chamber may be assumed to lie within the range
of interest of USSR ,‘.mrm'-?i,r.;atc»:'_s]u

Many investigators Tave studied the action of admixtures on the catalytic
activity of solid substances (1). Interesting results heve been obteined from
investigations of the effects of admixtures on the catalytic properties of
metal films (2). BSmall quantities of admixtures, captured in the preparation
of a catalyst, were able to increase its activity maoy times, or to promote it
(3), waile large quantities sharply lowered the activity of the catalyst, or
poisoned it.

These two phencmens were usually imegined as being separated by an impass-
able boundary, and it was thougbt that their mechanisms were qualitatively dif-
ferent. In particular, the poisoning of the -talyst under the circumstances
waes thought to arise from zhe blocking of a part of "the active surface by an
{aactive admixture.

However, S. Z. Roginskiy, clsssifying both the promoting and poisoning
phenomsens a3 modification, suggested that admixtures have a dual effect on the
activity of the catalyst. On the basis of experimental work on micropromotion
by gases, he attributed both phenomena to & common mechanism, nemely, the varia-
tion of the kinetic constants of the catalyst. Ih particular, he suggested
that very small quantities of admixtures lower the sctivation energy of the
catalytic process, thus promoting the catalyst, while larger quantities raise
the activation energy arnd produce 8 poisoning effect.
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On the other hand, as s result of kinetic investigations ove:s & number of

vears ioto catalytic reactiouns of deep oxidation of hydrocarbcns over & group

v of catalysts with spinel structure (compounds of the type Me - °MenOy, containing
in addltion the fre=e oxide Me- 0), the authors arrived at the following relation-
ships: :

1. For given conditions the energy of activation in oxidation is gresater
when the catalyst is more active
squation K = Koe-E/RT (where K is the reaction = velocity
constant which varies with The temperature,*Kp is the coefficient, E is the

activation epergy of the remction, R is the gas-law constant, and T is the ab-
solute temperature). Ky changes sharply and symbatically as E varies.

2. In Arrheminas’

An 1nvestigation of the modifying effect of small admixtures (ranging for
the most part up to a maximum of 5% of the weight of the catalyst) on catalytic
activity was cuarried out by determining the kinetic constants E and K5, Iso-
ortane was subjected to liquid-phase oxidation over magnesium-chromium (MgCr20h4'
MgO) and copper-chromtum (CuCr0) + Cu0) catalysts deposited on asbestos and
modifie%%jy H3P0h, H,EO,, BaSOy, Na5103, Ba(NO3) , and HF admixtures. The
magresifm-chrdmivm and copper ~chromium catalyst3 had been found to differ sharply
from onk Another in their activity and (n their values of activation energy and
the coefficient Ko(h) The specific surface of the magnesium-chromium catalyst
was subjected to 2 prelimipary test to determioe the effect of different quan-
tities (from 1% to 3%) of the H3PO) sdmixture om its specific surface, and it
was foupd that the :pecific sur?ace remained practically the same for different

quantities of the admixiuve

The modifying eifect of a KOH admixture on a Veoﬂ catalyst in the oxidation
of 1so-octane was alsc investigated. 2

From these experiments {t was concluded that the action of small concen-
trations of admixtures on different systems .. oxidizing catalysts results in

the foliowing-

1. The order of a reaction usually decreases.

2. Within the limits of one order the activation energy and the coefficient
Ko vary symbatically

3. In the two curves expressivg the dependence of E and KO on the content
of an admixture, s meximum is reached simulteneously.

4. There is a linear dependence between the energy of activation E and the
logarithm of the coefficient Ky. The plot of 1n K, against E runs in a straight
line from lower left to upper right; for each sdmixture, as its concentration is
increaséd, the poiuts which represent the correspondingly modified catalysts on
the graph of ln K,-against E move along the straight line to the right and up,
reach the maximun values of E 2nd ln Ky for this admixture (see 3 above), and
then begin to move to the left and dovn aslong the same straight line. This de-
pendence has been observed before (5), but up to this time has not“been suffi-
ciently clarified.

5. The symbatic variation of E and K,, acting together, automatically leads,
at different temperatures, to an slteration of the relation - between the acti-
vities of catalyst: with different concentrations of admixtures.

6. There is no such well-defined counection between the activity and the

concentration of an admixture as is inherent in the usual treatment of the ac-
tion of admixtures for both homogeneous and inhomogeneous surfaces.
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7. The identical gquantity of an admixture can either promote or poison a
catalvat in Aifferen. temperature ranges. This arises from the relation in K=
£{1/T), derived from the Arrhenius equation, which is different for different
concentrations of admixtures. This relationship has been noted in earlier pub-

lished works (6).

For example, for 8 given quantity of an admixture the reaction's
velocity ccnstant K (whic'. is 2 measure of the catalytic asctivity) will be low-
ered if the sbsolute temperature T is raised. Within a certain temperature in-
terval the respective curves of ln K plotted against 1/T, for a pure catalyst,
a catalyst with a given conceptration of sn admixture, and a catalyst with a
different concentration of the same admixture will intersect. At *he beginning
of the interval the curve for the pure catalyst shows the highest value of 1ln K,
snd, the curve for the last-mentioued ratalyst shows the lowest value of 1n K.
At the end of the interval, however, the pure catalyst has the lowest vaiue of
1n K, while the modified catalyst vhich was formerly the lowest point has the
bighest value. :

8. The results of the experiments led to a partial revision and correction
of the above-mentioned concept of Roglmskiy on the mechanism of the dual action
of admixtures on the activity of a catslyst. Clearly, the whole series of ad-
mixtures not only influences the activation energy, but also simultaneously and
symbatically varies the value of the coefficient Ky, leading tu a whole series
of unique variations of the catalytic activity, e.e,, to modification.

9. The phenomenon of modification cannot be explained by the blocking of
8 homogeneous or inhomogeneons surface, since the blocking of the active regions
must lead, under all condilions, to a decrease of the total activity of the
catalyst. Nor can these effects be explained by the concept of the formation
of definite chemical combinations of the admixture with the catalyst, since

modifying admixtures vary the kinetic characteristics of the catalyst continuously

and according to 2 unique law.

10. Strong inorgsnic acids serve as modifiers of chromium catalysts with
excesses of basic oxide. On the other hand, alkaline admixtures are effective
modifiers of vanadium pentoxiie, which possesses clearly expressed acid proper-
ties,

11l. In the case of modification one naturally may not expect a simple change
of the absolute value of activity, but rather an extensive change in the quality
of the surface, leading to complex variations of the individual stages of the

" catalytic process.

k.

12. Previous conceptions of the catslyst as a substance which lowers the
activation energy of the resction are shown to be untenable.

The kinetics of the-oxidation of iso-octane were studied, but in this case,
wolfram trioxide was used as the catalyst and it was modified by admixing NaOH.
The choice of WOy as a catalyst was based on the findings of Yelovich. Zhabrova,
Margoli., and Roginskiy (7) that only colored oxides of transitional elements
of the periodic system serve as suitable catalys.s for the deep oxidation of
organic compounds. Wolfram belongs to the sixth subgroup of the periodic system,
being therefore a transitionsl element, and forms a number of colored oxides of
different valency. Comparatively few studies have been made of WO3 as.a catelyst
for the oxidation of organic compounds, and the information on the”subject in
1iterature is of a casual character. In the monograph ofsMarek and Gan (8), cer-
tain patent data on the use of WO, for the catalytic oxidation. of hydrocarbons
are cited. Charlot (9) investigaéed the oxidation of toluene, naphthalene,
xylene, and certain other nydrocarbons over the oxides of several metals, includ-
ing wolfram. According to his data, WO is much more active than MgQ or MoO 3
but less active than NiO. NaOH was add&d up to 8% of the weight of the orig%nal
catalyst, but addition of more than 3% of the admixture had a negative effect on
the activity. One percent of the NaOF admixture produced the maximum activity.
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The kiunetics of the oxidation of ethylene in the gaseous phase over the
magnesium-chyomium catalyst used before (see a.bove) were investigated after the
catelyst hed beep modified by the admixture of emall quantities of NaSiOa.,

The following conclusions were reached.

1. The same relationships were observed in the catalytic oxidation of
iso-octane over WO, when modified by edmixture of NaOH as those which were
noted when this hyéroea.rbon was oxidized over magnesium-chremium and copper-
chromium catalysts modified by various admixtures (see above), although in
this particular case 3 larger concentration of the catalyst on the asbestos
was required because of the lower catalytic activity of WO3U

2. Whmn.ethylene was oxidized over a magnesium-chromjum catalyst modi-
fied by admixture of Na2310 , similar modification phenomena were observed as
in the case of ‘the oxidatiofl of iso-octaye over the same cetalyst with the

same admixture. .
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